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MICROWAVE-ASSISTED
CHROMATOGRAPHY PREPARATION

FIELD OF THE INVENTION

The present invention relates to microwave-assisted flash
chromatography, and 1n particular relates to a microwave
instrument that oflers particular advantages useful for
sample preparation and purification via chromatography.

BACKGROUND OF THE INVENTION

The present invention relates to devices for microwave-
assisted chromatography. As generally recognized in the
chemical arts, many chemical reactions can be mitiated or
accelerated by increasing the temperature—i.e. heating—the
reactants. Accordingly, carrying out chemical reactions at
clevated (1.e., above ambient) temperatures 1s a normal part
of many chemical processes.

The benefit of using controlled microwave energy for
clevating the temperature of a chemical reaction 1s well
known. For example, U.S. Pat. No. 6,753,517 to Jennings,
incorporated entirely herein by reference, discloses a micro-
wave-assisted chemical synthesis mstrument using tightly
controlled microwave energy.

More recently, researchers have applied microwave
assisted chemistry to the technique of chromatography.
Chromatography 1n the present context includes liquid and
gas chromatography. Of the two, the instrument of the
present invention primarily relates to liquid chromatogra-
phy, particularly as 1t pertains to solvent evaporation and
sample preparation for elution.

Liquid chromatography 1s a technique utilized 1in both
preparative and analytical chemistry. Liquid chromatogra-
phy comprises a stationary phase iteracting with a mobile
phase. Typically, the stationary phase i1s a surface-active
powder such as silica, alumina, or an 1nert size-separating,
material like a gel-permeation chromatography packing, or
the like. This powder i1s contained 1n a chromatographic
column. In preparative chemistry, the mobile phase gener-
ally consists of a reaction solvent and a chemical to be
identified, analyzed, or purified. This 1s collectively referred
to as a sample. The mobile phase carrying the sample 1s
caused to migrate through the stationary phase. Depending
on how the sample interacts with the surface characteristics
of the stationary phase, different compounds will migrate
through the stationary phase at different rates. Preparative
chemistry 1s useful for identifying and purifying various
chemical components in the sample using analytical chem-
1stry. Analytical chemistry utilizes carrier solvents to move
the sample through the stationary phase.

In some 1nstances, the reaction solvent i1s not ideal for the
turther purification of the compound dissolved therein.
Residual reaction solvent in the stationary phase can result
in the problem of poor separation and recovery of the desired
components during elution.

One solution to this problem 1s to utilize a rotary evapo-
rator. This procedure, however, 1s time consuming and not
entirely effective. For example, the use of larger chroma-
tography columns having more stationary phase will require
one or more hours to evaporate the reaction solvent.

Another solution to this problem 1s to apply heat with or
without vacuum. This procedure, however, may result in the
degradation of the stationary phase or melting of the chro-
matography column matenal.

Another solution to the problem of residual reaction
solvent 1n the stationary phase 1s to flash away the solvent
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using microwave energy. Microwave energy 1s used to
vaporize liquid i U.S. Pat. No. 4,330,946 to Courneya. The
Courneya *946 patent discloses microwave energy to vapor-
ize liquid from agricultural material, such as grain. The
Courneya 946 patent further discloses the use of air inlets
for introducing air to sweep across the material, acrosolize
the vapor and carry 1t away via a vacuum pump. The
Courneya 946 patent also states the need for an auger-
driven process to msure proper agitation of the matenal, as
well as to move the material through the apparatus. A heat
reclaim mechanism assists the microwave energy drying
Process.

As previously stated, microwave energy has been applied
to the technique of chromatography. For example, U.S. Pat.
No. 6,029,498 to Walters et al. discloses the incorporation of
microwave absorbing material into the chromatography col-
umn 1tself or positions adjacent the column. The chroma-
tography sample contained therein 1s heated by the micro-
wave absorbing material via conduction or convection. The
Walters “498 patent further discloses, however, the use of a
heated chromatography column for the purpose of enhanc-
ing the speed of separation and the consistency of elution
times.

Another example of the application of microwave energy
to liquid chromatography 1s demonstrated 1n U.S. Pat. No.
6,630,354 to Stone. The Stone 3354 patent discloses a
method of using microwave-induced dielectric polarization
to enhance the diffusivity of a liquid or a supercritical fluid
mobile phase in chromatography, while having essentially
no eflect on other physical properties of the mobile phase.
The primary focus of the Stone *354 patent, however, 1s to
increase the diffusivity of the reaction solvent and to com-
bine the advantages ol liquid and gas chromatography.
Heating the reaction solvent to increase its diffusivity could
be hazardous it the solvent 1s combustible. To overcome this,
the Stone *354 patent discloses the use of microwave pulses.
The Stone 354 patent further states that a microwave
apparatus capable of delivering very short pulses of radia-
tion 1s not available, and instead teaches the use of a
conventional, non-cycling microwave oven.

Yet another example of the application of microwave
energy to liquid chromatography 1s demonstrated in U.S.
Pat. No. 6,649,051 to Jamalabadi et al. The Jamalabadi 051
patent discloses a method of processing a sample 1nto a
flow-through device containing a porous solid media and
therealter subjecting the device to microwave energy. As in
the Stone “354 patent, the Jamalabadi 051 patent discloses
the use of a conventional microwave oven and further
discloses the use of a more precise microwave power source,
such as one manufactured by CEM Corporation of Mat-
thews, N.C., USA, the assignee of the present invention.

Yet another example of the application of microwave
energy to liquid chromatography 1s demonstrated in U.S.
Pat. Application Publication No. 20030205456 to Jamala-
badi et al. The Jamalabadi application discloses a method of
processing a sample comprising introducing a sample 1n a
flow-through device containing a porous solid media
therein. The flow-through device 1s defined as having walls
and having an inlet end and an outlet end; a solid porous
media disposed within the flow-through device including
attached active components. After introducing a sample into
the tlow-through device, the device 1s subjected to a radiated
energy source, such as microwave energy, prior to further
chromatography steps.

Furthermore, none of the above-referenced patents or
applications teaches or suggests the use of a dry-loading
technique. A typical dry-loading technique includes addition
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of a given amount of chromatography media, for example
s1lica or alumina, to a vessel holding the sample. The sample
1s preferably dissolved 1 a reaction solvent. Following
absorption of the sample by the chromatography media, the
reaction solvent 1s evaporated and evacuated, leaving dried
chromatography media containing the sample. The dried
chromatography media 1s then dry-loaded, either manually
or automatically, onto a separation chromatography column
for separation and 1dentification of the sample components.

The advantage of a dry-loading technique lies in the
flexibility 1t allows for evaporation of the reaction solvent.
Accordingly, dry-loading streamlines the subsequent sepa-
ration and analysis of the sample components. The dry-
loading technique 1s infinitely adjustable for a given sample
volume, as opposed to the limitations imposed by preloading
a specific amount of chromatography media into a flow-
through device, or a sample module, or the like. For
example, 11 the flow-through device contains too little chro-
matography media for a given amount of reaction solvent,
the chromatography media will not sufliciently absorb the
solvent. Subsequent heating of the chromatography media to
evaporate the solvent will result in a highly viscous mixture
from which the sample cannot be salvaged. If the flow-
through device contains too much chromatography media
for a given amount of reaction solvent, subsequent separa-
tion and 1dentification chromatography efiorts will be con-
founded by the excess media, resulting 1n wide, overlapping
peaks having poor resolution.

OBJECT AND SUMMARY OF THE INVENTION

Therelfore, 1t 1s an object of the ivention to provide a
microwave 1nstrument suitable for microwave assisted
chemistry, including accelerated chemical synthesis and
sample preparation for flash chromatography and liquid
chromatography. The invention meets this object with an
instrument for carrying out a reaction 1n reaction solvents 1n
a microwave transparent reaction vessel followed by evapo-
rating and evacuating reaction solvents from the chroma-
tography media. The imnvention further includes a source of
microwave radiation and a microwave cavity 1n wave com-
munication with the source for applying microwave energy
to a sample. The sample includes a solid phase chromatog-
raphy media and a solvent. The invention further includes a
vessel for holding the sample 1n the microwave cavity for
evaporating the solvent when microwaves are applied to the
vessel, and a gas pump 1n gas communication with the vessel
for moving gases through the vessel during the application
of microwaves to the vessel to facilitate the evaporation of
the reaction solvent from the chromatography media.

It 1s further an object of the present invention to provide
a microwave assisted chromatography sample preparation
instrument, including a microwave source, and a mechanism
for controlling the application of microwave energy from the
microwave source. The mstrument further includes a vessel
in wave communication with the microwave source for
evaporating solvent, a gas inlet tube and a gas exit tube about
the vessel for allowing the influx of make-up gas and the
evacuation of solvent, respectively, and a gas pump 1n
physical communication with the vessel to facilitate the
evaporation of solvent. The gas pump, gas mlet tube, and gas
exit tube create a gas tflow through the evaporation vessel to
evaporate the solvent from the chromatography sample
during and between applications of microwave energy.

It 1s yet another object of the present invention to provide
a method of preparing samples for column chromatography,
especially flash chromatography, comprising adding a
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sample including reaction solvent to a solid phase chroma-
tography medium and applying microwave energy to the
sample while concurrently providing a gas flow over and
around the sample. The solvent 1s thereby encouraged to
evaporate under the influence of the microwave energy and
the flowing gas.

It 1s yet another object of the present mnvention to provide
a method for microwave assisted chromatography sample
preparation, including mixing a sample dissolved 1n a reac-
tion solvent with a solid phase chromatography medium,
applying microwave energy to the sample to evaporate the
solvents therein, and create a gas flow through a vessel to
evacuate the vaporized solvents. The mvention further pro-
vides for monitoring the temperature of the chromatography
media using temperature sensors and moderating the tem-
perature of the sample. A microprocessor 1s used to control
the steps ol applying microwave energy, moderating the
temperature of the sample, and creating the gas tlow. The
step of creating a gas flow further includes creating a
vacuum 1n the vessel.

It 1s yet another object of the present invention to provide
a method of preparing samples for column chromatography,
such as flash chromatography, including applying micro-
wave energy to a sample composition containing at least one
solvent to encourage a chemical reaction and generate
desired products. Thereaiter, the method includes mixing an
absorbent media with the sample to absorb the solvent. The
media 1s compatible with liquid chromatography that wall
separate the expected products, 1s chemically inert to the
expected products, and 1s added in an amount suflicient to
provide a substantially dry mixture of the media and the
sample, but less than an amount that overly broadens the
resolution of the sample during liquid chromatography. The
method thereatter provides for applying microwave energy
to the dry mixture of the media and the sample to thereby
encourage the solvent to evaporate under the influence of the
microwave energy. The method of the invention then
includes adding the dry muxture of the media and the
remaining sample to a liquid chromatography column and
separating the components of the remaining sample for
identification and purification purposes.

It 1s yet another object of the present mnvention to provide
a method of preparing samples for column chromatography
as described, including the addition of scavenging compo-
sitions, catalysts, and coupling reagents.

It 1s yet another object of the present invention to provide
a method of dry-loading samples for column chromatogra-
phy.

It 1s further an object of the invention to provide the

previously discussed aspects while monitoring the tempera-
ture of the sample.

It 1s further an object of the mvention to provide the
previously discussed aspects under the electronic control of
a microprocessor, and additionally providing that the micro-
processor moderate the application of microwave energy
based upon the monitored temperature.

The foregoing and other objects and advantages of the
invention and the manner i which the same are accom-
plished will become clearer based on the followed detailed
description taken in conjunction with the accompanying
drawings in which:

DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view of the invention showing the
instrument with the vessel placed in the microwave cavity.
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FIG. 2 1s a perspective view of the vessel and 1ts com-
ponents.

FIG. 3 1s a cutaway diagram of the invention showing the
instrument with the vessel placed in the microwave cavity.

FI1G. 4 1s a perspective view of the invention with respect
to a method embodiment of the invention.

FIG. 5 1s a further perspective view of the invention with
respect to a method embodiment of the invention.

FIG. 6 1s a perspective view of the invention showing the
back of the mstrument.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

In a first embodiment, the mvention 1s a sample prepara-
tion instrument for flash chromatography. The instrument 10
1s broadly 1llustrated 1n FIG. 1. The instrument 10 includes
a microwave instrument housing 11 typically made of rug-
ged plastic. The housing 11 protects internal components
described herein. The housing 11 1s vented with slotted
apertures 14 to facilitate cooling of the internal components.
The instrument 10 includes a microwave cavity 19 and a
vessel 20 for holding reactants, reaction solvent, products,
and absorbent chromatography media. Further illustrated 1n
FIG. 1 are communication devices for the instrument 10,
specifically a keyboard 16 and display 17. The instrument 10
turther includes at least one auxiliary port 12 for additional
attachments, such as a pressure attachment or an evaporation
attachment. Additional parts of the vessel 20 shown in FIG.
1 include an adaptor 26, a gas inlet tube 28, a gas outlet tube
29, and a fitting 33 to connect the tubes to peripheral devices
explained herein.

FIG. 2 depicts the vessel 20 for holding reactants, reaction
solvent, products, and absorbent chromatography media
(1.e., compositions). The illustrated vessel 20 1s a test tube
shaped device having a wall 21 formed of a microwave
transparent material defining an interior chamber 22 to hold
the composition. The vessel 1s not, however, limited to
specific vessel shapes and other vessel shapes (e.g., round-
bottom flasks) can be incorporated as desired or necessary.
The vessel 20 includes a top portion 235. The top portion 235
turther includes an adaptor 26 having an O-ring 27 {for
connecting and sealing the adaptor 26 to the vessel wall 21.
A hollow chemical resistant gas inlet tube 28 projects into
the vessel 20, allowing gas to flow into the chamber 22.
Similarly, a hollow chemical resistant vent tube 29 allows
gas, particularly solvent vapor, to exit the chamber 22. In
this manner, the gas inlet tube 28 and the gas outlet tube 29
allow make-up gas 1nto the vessel 20 while allowing solvent
to evacuate the vessel 20. The top portion 25 further includes
a 1rit (not shown) for containing the composition within the
vessel chamber 22 during gas flow. The irit 1s made of a
chemical resistant media sufliciently porous to allow the
flow of gas. The Irnt 1s disc-shaped having an opeming to
allow the gas inlet tube 28 to pass therethrough.

In preferred embodiments the interior chamber 22 has a
volume of at least about 2.5 milliliters, which 1s a convenient
s1ze Tor bench-top experiments. It will be understood that the
invention 1s not volume-limited, and that larger vessels can
be used as may be necessary or desired. Suitable microwave
transparent materials are well known to those of ordinary
skill in the art, and 1nclude, for example, quartz, glass, and
PYREX®.

The 1nlet tube 28 and the outlet tube 29 may have a fitting
33, generally denoted herein, for connecting the tube to
another piece of equipment such as a vacuum pump (see
FIG. 3) or gas reservoir. Appropriate fittings 33 are known
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to those of ordinary skill 1n the art and include, for example,
threaded fittings, valves, quick-connect fittings, and hose
clamps.

FIGS. 1 and 3 show the microwave cavity 19 holding the
vessel 20. In a preferred embodiment, the cavity 19 sur-
rounds at least a portion of the vessel chamber 22. With
respect to FIG. 3, the imnstrument’s 10 various internal
components are 1illustrated. FIG. 3 shows a microwave
source 40, a waveguide 41, a stir motor 42, a fan 43 along
with the fan housing 44, and various electronics.

A microwave source 40, as will be known to those of
ordinary skill in the art, can be microwave generating
devices such as magnetrons, klystrons, and solid state
devices. Microwaves travel from the source 40 through the
waveguide (schematically illustrated at 41) to the micro-
wave cavity 19. The composition 1n the reaction vessel 20
absorbs the microwave energy as it enters the cavity 19. In
this manner, the reaction cavity 19 i1s 1n microwave com-
munication with the microwave source 40. In a preferred
embodiment, the source 40 applies microwave energy to the
reactants and the reaction solvent in the vessel 20 to accel-
erate the conversion of reactants to products.

Following product formation, an absorbent media (not
shown) 1s mixed with the sample, typically by adding the
media to the vessel 20 to absorb the reaction solvent and
products. The absorbent media 1s preferably a chromatog-
raphy media selected from the group consisting of silica,
sand, alumina, and diatomaceous earth. Microwave energy
1s Turther applied to evaporate the reaction solvent. During
the application of microwaves, a gas pump (schematically
designated at 46) in gas communication with the vessel 20,
preferably in communication with the gas exit tube 29,
moves gases through the vessel 20 thereby facilitating the
evaporation ol reaction solvent from the chromatography
media. In preferred embodiments, the gas pump 46 1s a
vacuum pump for pulling gases from the vessel and thereby
reducing the gas pressure over the sample. Although a
“hard” vacuum (e.g., approaching O Torr) 1s not required, the
vacuum pump 1s a preferred device for reducing the pressure
by the desired or necessary amount. In a preferred embodi-
ment shown i FIG. 2, the gas imlet tube 28 includes a
chemical resistant tube projecting into the vessel chamber 22
to carry make-up air near the bottom of the chromatography
media mside to ensure thorough drying of the media. In this
manner, the gas pump 46 maintains a vacuum 1n the vessel
20, specifically the vessel chamber 22, to facilitate the
evaporation of the reaction solvent.

Alternatively, the gas pump 46 may be 1n physical com-
munication with the gas inlet tube 28. In this arrangement,
the pump 46 maintains pressure 1n the vessel 20, specifically
the vessel chamber 22, to facilitate the evaporation of the
reaction solvent from the chromatography media. In this
embodiment, an 1nert gas 1s used to maintain the pressure 1n
the chamber 22. Inert gas 1n this context refers to a gas that
will not adversely react under the conditions in the vessel
chamber 22. For example, a gas 1s chosen that will not 1gnite
or otherwise combust with the composition 1n any given
reaction state within the chamber 22. In many cases, inert
gas can be selected from the group consisting of air, nitro-
gen, and argon. Alternatively, a pressurized gas reservoir
(not shown) can replace the pump 46. In such cases a gas
regulator (not shown) between the gas reservoir and the
vessel 20 controls the tlow of make-up gas.

The waveguide 41 1s constructed of a material that reflects
microwaves inward and prevents them from escaping in any
undesired manner. Typically, such material 1s an appropriate
metal which, other than its function for confining maicro-
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waves, can be selected on the basis of its cost, strength,
formability, corrosion resistance, or any other desired or
approprate criteria. In preferred embodiments of the inven-
tion, the metal portions of the waveguide 41 and cavity are
formed of stainless steel.

As 1s the case with other kinds of chemistry, 1t 1s advan-
tageous 1n microwave assisted organic chemistry to stir and
mix the composition in the vessel chamber 22. This 1s
accomplished, for example, using a motor 42 to drive a
magnetic stirrer, such as described 1n U.S. Patent Applica-
tion Publication No. 20030170149, the contents of which are
hereby entirely incorporated by reference.

The fan 43 serves to cool the electronics and the micro-
wave source 40 portions of the instrument 10, as well as
helping to keep the reaction cavity 39 from becoming
overheated 1n the presence of ongoing chemical reactions.
Other than having the capacity to appropriately cool the
istrument and the cavity, the nature or selection of the fan
43 can be lett to the mndividual discretion of those with skill
in this art. In a typical embodiment, the fan 43 1s mounted
in a housing 44 to direct the flow of air across the electronics
and the microwave source 40 to cool them more efliciently.

In a preferred embodiment, the mstrument 10 1ncludes a
temperature sensor 35 and a pressure transducer 37 for
measuring the temperature of the sample (1.e., composition)
and for sensing the pressure inside the vessel 20, respec-
tively. An appropriate temperature sensor can be selected
from the group consisting of inira red detectors, ultraviolet
detectors, and fiber optic sensors. In addition, the vessel top
portion 25 1s designed to withstand the increased pressure
generated by some microwave assisted organic reactions.
The vessel top portion 25 may include a pressure-resistant
closure such as described 1n previously incorporated Publi-
cation No. 20030170149. In this embodiment, the vessel top
portion 25 may be held in place on the cavity 19 with a
retaining ring 38.

The mstrument 10 includes a mechanism for adding
chromatography media to the vessel 20 to absorb the reac-
tion solvent and the products. The mechanism permits
manually adding about an equal volume of chromatography
media. Alternatively, the mechanism includes automatically
adding about an equal volume of chromatography media.

FIG. 3 also shows the microprocessor 48. The electronics
carried by the microprocessor 48 are generally well under-
stood 1n their nature and operation. With respect to the
present instrument, the microprocessor first controls the
power from a given source, usually a wall outlet carrying
standard current. The microprocessor also controls the
operation of the device in terms of turning the microwave
source 40 on or ofl, and in processing information received
from the ongoing chemical reaction, 1n particular pressure
and temperature. In turn, the processor 1s used to control the
application of microwaves, including starting them, stop-
ping them, or moderating them, 1n response to the pressure
and temperature information received from the sensors
previously described. The use of processors and related
clectronic circuits to control mnstruments based on selected
measured parameters (e.g., temperature and pressure) 1s
generally well understood in this and related arts. Exemplary

(but not limiting) discussions include Dort, The Electrical
Engineering Handbook, Second Ed., (1997) CRC Press

LLC.

With respect to the mstrument and method embodiments
of the invention, the automated aspects of the instrument 10
are controlled by the microprocessor 48. This includes the
control of simple peripheral devices such as the gas pump 46
and more complex devices including, but not limited to,
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CEM Corporation’s EXPLORER™ and NAVIGATOR™
machines. See FIGS. 4 and 5. In a preferred embodiment, the
invention 1s a modular device adapted to control peripheral
devices while utilizing microwave energy to accelerate the
process. Therefore, the preferred embodiment of the mven-
tion 1s simultanecous microprocessor control of the instru-
ment 10, including the application of microwave energy,
moderating the application of microwave energy based on
the monitored temperature or pressure from the previously
mentioned sensors, peripheral devices 1n electronic and
physical communication with the instrument 10, and the
respective methods incorporated by various combinations of
the mstrument 10 and peripheral devices.

In another aspect, the invention 1s a microwave assisted
chromatography sample preparation instrument 10. Refer-
ring to FIG. 3, the mstrument 10 includes a microwave
source 40, a mechanism for controlling the application of
microwave energy from the source 40, and a vessel 20 1n
wave communication with the source 40 for evaporating
solvent.

The mechanism for controlling the application of micro-
wave energy 1s the microprocessor 48. In one embodiment
of the invention, controlling the application of microwave
energy applies the energy in pulses to avoid overheating the
sample 1n the vessel 20. An exemplary method for moder-
ating the application of microwave energy 1s to 1ncorporate
a variable power supply such as disclosed in commonly
assigned U.S. Pat. No. 6,084,226. Pulsing the microwave
energy helps control the by-product of thermal heat. This
decreases the likelihood of damaging or destroying the
absorbent chromatography media and the reaction products
absorbed therein.

The 1nstrument 1s also useful 1t a vessel other than that
depicted 1 FIG. 2 1s used. For example, U.S. Pat. Applica-
tion Publication No. 20030205456 to Jamalabadi et al.,
discloses a preloaded chromatography module (i.e., sample
collector) having a plastic casing. The use of a reaction
solvent with a high boiling point, such as dimethylsulfoxide
(DMSO) or dimethylformamide (DMF), will require a large
amount of microwave energy to evaporate the solvent. The
heat generated during evaporation could melt the plastic
casing and ruin the sample. The variable power supply
mechanism discussed above solves this problem by control-
ling the mput of energy while monitoring the temperature of
the sample.

With respect to the previously described elements of the
invention, the instrument 10 further includes a gas 1nlet tube
28 about the vessel 20 for allowing make-up gas into the
vessel 20, a gas exit tube 29 about the vessel 20 for allowing
solvent to evacuate the vessel 20, and a gas pump 46 1n
physical communication with the vessel 20 to facilitate the
evaporation of solvent. In this embodiment, the gas pump
46, the gas inlet tube 28, and the gas exit tube create a gas
flow through the vessel 20 to evaporate the solvent from the
chromatography sample during and between applications of
microwave energy.

The instrument 10 includes the advantage of the previ-
ously discussed integration of microprocessor control over
other electronics and peripheral devices.

In another aspect, the invention 1s a method of preparing
samples for column chromatography. The method includes
the step of mixing a sample, including a reaction solvent,
with a solid phase chromatography medium and applying
microwave energy to the sample while concurrently provid-
ing a gas flow over and around the sample. The solvent 1s
thereby encouraged to evaporate under the influence of the
microwave energy and the tlowing gas.
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As previously discussed, the preferred embodiment of the
method of the invention (and necessarily the instrument and
peripherals that carry out the method) includes micropro-
cessor control.

An example 1s shown 1n FIG. 4. One embodiment of the
method of the mvention 1s carried out using the instrument
10 previously described with the EXPLORER™ peripheral
attachment 535. The sample, including reaction solvent, 1s
mixed with the chromatography medium in the sample
collector 56. In this embodiment, the sample collector 56 1s
a single use chromatography module, typically a plastic
cylindrical case pre-loaded with chromatography media. In
this arrangement, the sample 1s added to the media already
in the collector 56. Although different from the multi-use
vessel 20 previously described, the method of the instant
invention 1s adaptable for use of the sample collector 56 1n
appropriate sample holder racks 57. The EXPLORER™
attachment 55 lowers the sample collector 56 into the cavity
19 where the sample collector 56 1s exposed to microwave
energy. The mstrument 10, 1n conjunction with a gas pump
(not shown) concurrently provides a gas flow over and
around the sample to evaporate the solvent as described.

The chromatography preparation method utilizes micro-
processor control over the application of microwaves, gas
flow, temperature monitoring (before, during, and after
solvent evaporation), moderating microwave energy based
upon the monitored temperature, and varying the microwave
energy application time depending on the sample volume.
The step of applying microwave energy to the sample while
concurrently providing gas flow over and around the sample
essentially dries the solvent from the chromatography
media. The step of creating a gas flow further comprises
creating a vacuum 1n the vessel. The method 1llustrated 1n
FIG. 4 may be performed manually or preferably fully
automated.

The method of preparing samples for column chromatog-
raphy 1ncludes the field of chromatography known as flash
chromatography. Flash chromatography 1s a simple, rapid
form of preparative column liquid chromatography. Flash
chromatography 1s useful for the rapid component separa-
tion of reaction products, for example, to test the percent
completion of a given reaction under certain conditions, or
to measure the amount of reactants converted to products
under various experimental parameters.

The method includes applying microwave energy to a
sample composition containing at least one solvent having
reactants dissolved therein. The application of microwave
energy encourages a chemical reaction and generates desired
products. Thereaiter, the microwave energy 1s turned ofl and
an absorbent media 1s added to the sample to absorb the
solvent. In a preferred embodiment, the media 1s compatible
with the liquid chromatography that will subsequently sepa-
rate the expected products. That 1s, the media 1s compatible
with the solid and mobile phases used 1n the tlash chroma-
tography step to separate, 1dentify, and purity the product
components. The absorbent media 1s selected from the group
consisting of silica, sand, alumina, and diatomaceous earth.

The absorbent media 1s mixed with the sample in an
amount suflicient to provide a substantially dry mixture of
the media and the sample, but less than an amount that
overly broadens the resolution of the sample during liquid
chromatography. For example, an insuflicient amount of
chromatography media added to the sample and exposed to
microwave energy will result mn a viscous mixture from
which the reaction products cannot be easily separated. This
tends to render the sample useless for further analysis. An
excess amount of chromatography media added to the
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sample and exposed to microwave energy will negatively
aflect the resolution of the products 1 subsequent analysis.
In a preferred embodiment, the volume of absorbent media
used 1s about equal to the volume of solvent with products
dissolved therein.

In this embodiment, the chromatography media can be
added to the vessel containing the sample, thus avoiding the
need to transfer the sample between vessels.

Thereatter, the microwave energy 1s applied to the dry
mixture of the media and the sample to encourage the
solvent to evaporate under the influence of the microwave
energy. Next, the method includes adding the dry mixture of
the media and the remaining sample to a liquid chromatog-
raphy column and separating the components of the remain-
ing sample for identification and purification purposes.

In this manner, the sample preparation method carries out
the microwave assisted reaction 1n a microwave transparent
vessel, mixes absorbent media with the sample 1n the same
vessel to produce the dry mixture in the vessel, and applies
microwave energy to the dry mixture to remove the solvent
while the dry mixture remains in the same vessel.

In a preferred embodiment, the method 1s automated and
controlled by a microprocessor. Furthermore, with the use of
microwave energy for both product synthesis and evapora-
tion of solvent from the chromatography media, the micro-
processor controls a cooling fan to actively cool the sample
and prevent overheating of internal components.

In another aspect, the invention 1s a method of preparing
samples for column chromatography, including flash chro-
matography, and includes adding a scavenging composition
to the sample to remove contaminants and excess reagents.

Scavenging compositions include, but are not limited to,
clectrophile scavengers, nucleophile scavengers, base scav-
engers, acid scavengers.

The method further includes adding a coupling reagent to
the sample to facilitate the synthesis of products and adding
a catalyst reagent to the sample to accelerate the rate of the
reaction. These steps are left to the discretion of the
researcher.

Scavengers, coupling reagents, and catalysts are known to
one of ordinary skill in the art of organic chemical synthesis.
In chemistry, a scavenger 1s defined as any substance added
to a system or mixture to consume or inactivate traces of
impurities (Hawley’s Condensed Chemical Dictionary,
Twelfth Edition (1993); Van Nostrand Reinhold). Extensive,
but not limiting, lists of scavengers, coupling reagents,
catalysts, and other reagents acceptable for use with the
method of the mvention are found in the Stratospheres™
Synthesis and Purfication Gude published by Polymer
Laboratories and the Organic Synthesis and Purification
Catalog (2003-2004) published by Silicycle™. Some
reagents mentioned 1n the catalogs are bound to a solid phase
resin, such as silica, for convenience. It should be known,
however, that the reagents do not need to be bound to a solid
phase to be chemically active.

The method of the invention further includes accelerating
the steps of scavenging, coupling, and catalyzing (collec-
tively or individually) with microwave energy.

In yet another aspect, the invention 1s a method of
dry-loading samples for column chromatography. The
method includes adding an amount of chromatography
media to a vessel holding a sample, the sample being
dissolved 1n a solvent. The solvent 1s then evaporated using
microwave energy, leaving dried chromatography media
containing the sample. The dried chromatography media
containing the sample 1s thereafter dry-loaded onto a sepa-
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ration chromatography column (such as a flash chromatog-
raphy column) for identification and purification of the
sample components.

The steps of adding chromatography media to the vessel,
evaporating the solvent using microwave energy, and load-
ing the dried chromatography media containing the sample
onto a separation chromatography column are performed
manually, or 1 a preferred embodiment, performed auto-
matically.

For example, and with respect to the instrument 10 of the
invention, FIG. 5 depicts the mstrument 10 with the NAVI-
GATOR™ peripheral device 59 attached. The NAVIGA-
TOR™ device 59 1n combination with the instrument 10 of
the present invention provides one embodiment of the
method for automatic microwave assisted organic chemical

synthesis and purification. The automated aspect of the
NAVIGATOR™ 59 15 typically aided by a robotic arm 60.

By way of example, the NAVIGATOR™ device 59 in
combination with the mstrument 10 of the present invention
will begin chemical synthesis by placing liquid reactants
dissolved 1n a reaction solvent from the liquid handling
pumps 61 into the microwave transparent vessel 20. Cou-
pling reagents, catalysts, and liquid scavenging composi-
tions may also be added at this time. Next, the vessel top
portion (not shown) 1s placed onto the vessel 20 at the
capping/decapping station 62. The robotic arm 60 then
moves the vessel 20 to the microwave cavity 19 of the
instrument 10 where microwave energy encourages the
conversion ol reactants to products. Following product
formation, the robotic arm 60 moves the vessel 20 to the
capping/decapping station 62, and removes the vessel top
portion. If necessary, a scavenging agent may be added at
this time. If the scavenging agent 1s a liquid, the vessel 20
1s placed under a liquid handling pump 61. If the scavenging
composition 1s a solid (e.g., a scavenging molecule attached
to a solid phase media), the vessel 20 1s moved to the
chromatography media reservoir 63. In a preferred embodi-
ment, the scavenging composition 1s a solid as previously
described and the media 1s an absorbent chromatography
media selected from the group consisting of silica, sand,
alumina, and diatomaceous earth. The vessel top portion 1s
then replaced.

The step of scavenging to remove contaminants and
excess reagents 1s accelerated by the application of micro-
wave energy. Thus, the vessel 20 1s moved back to the
microwave cavity 19 for exposure to microwave energy. In
some embodiments, the reaction solvent i1s concurrently
evaporated, while 1n other embodiments microwave energy
1s applied to the scavenger-sample mixture before the
sample 1s mixed with the chromatography media. Solvent
evaporation 1s aided using one of the two previously dis-
cussed mechanisms for moving gas through the vessel, e.g.,
the gas pump (not shown) will maintain a vacuum in the
vessel to Tacilitate the evacuation of solvent, or the gas pump
or a gas reservoir (not shown) will maintain pressure in the
vessel to facilitate the evacuation of solvent. Solvent evapo-
ration leaves dried chromatography media containing the
sample.

Following evaporation of the solvent from the dry mix-
ture, the dried chromatography media 1s dry-loaded onto a
separation chromatography column (not shown), such as a
flash chromatography column, and the product components
are separated for identification and purification purposes.

The method appreciates the same benefits of micropro-
cessor control as previously described, such as automatic
control of at least the steps of carrying out the reaction,
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applying microwave energy to the sample. The micropro-
cessor may further “pulse” the microwave energy as previ-
ously described.

FIG. 6 1s a rear perspective view of the instrument
housing 11 that illustrates some additional items. FIG. 6
illustrates the cooling fan 43, a power switch 45, and a
power cord inlet 47. In order to take advantage of the full
capacity of the instrument, 1n preferred embodiments, the
instrument includes a parallel port 49 and a serial port 50 for
receiving mput from or providing output to other electronic
devices, particularly microprocessor based devices, such as
the pump 46 (FIG. 3), personal computers, personal digital
assistants or other appropriate devices (not shown). Simi-
larly, FIG. 6 1illustrates a connector 31 for the pressure
transducer 37 previously described.

In the specification and the drawings, typical and pre-
terred embodiments of the invention have been disclosed.
Specific terms have been used only 1n a generic and descrip-
tive sense, and not for purposes of limitation. The scope of
the invention 1s set forth in the following claims.

The mnvention claimed 1s:
1. A method of preparing samples for column chroma-
tography, comprising:
mixing a sample including reaction solvent with a solid
phase chromatography medium 1n an amount suilicient
to provide a substantially dry mixture of the media and
the sample, but less than an amount that overly broad-
ens the resolution of the sample during liquid chroma-
tography;
applying microwave energy to the sample while concur-
rently providing a gas flow over and around the sample
to thereby encourage the solvent to evaporate under the
influence of the microwave energy and the flowing gas;
and
adding the dry mixture of the media and the remaining
sample to a liquid chromatography column and sepa-
rating the components of the remaining sample for
identification and purification purposes.
2. The chromatography preparation method according to
claim 1, wherein the step of providing a gas flow comprises
reducing the pressure over the sample.

3. The chromatography preparation method according to
claim 1, wherein the step of applying microwave energy to
the sample comprises electronic microprocessor control.

4. The chromatography preparation method according to
claim 1, wherein the step of providing a gas flow over and
around the sample comprises electronic microprocessor con-
trol.

5. The chromatography preparation method according to
claim 1, comprising applying the microwave energy and gas
flow to a sample 1n a sample collector.

6. The chromatography preparation method according to
claim 3, comprising monitoring the temperature of the
sample with a temperature sensor selected from the group
consisting of infrared detectors, ultraviolet detectors, and
fiber optic sensors.

7. The chromatography preparation method according to
claim 6, comprising monitoring the temperature of the
sample before the evaporation of solvent.

8. The chromatography preparation method according to
claiam 6, comprising monitoring the temperature of the
sample during the evaporation of solvent.

9. The chromatography preparation method according to
claim 6, comprising monitoring the temperature of the
sample after the evaporation of solvent.
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10. The chromatography preparation method according to
claim 6, comprising moderating the application of micro-
waves based upon the monitored temperature.

11. The chromatography preparation method according to
claim 10, comprising applying pulsed microwave energy for
variable lengths of time depending on the sample volume.

12. The chromatography preparation method according to
claim 1, wherein the step of applying microwave energy to
the sample while concurrently providing a gas tflow over and
around the sample essentially dries the solvent from the
chromatography media.

13. A method for microwave assisted chromatography
sample preparation, comprising:

mixing a sample dissolved in reaction solvent with a solid

phase chromatography medium 1n an amount suilicient
to provide a substantially dry mixture of the media and
the sample, but less than an amount that overly broad-
ens the resolution of the sample during liquid chroma-
tography;

applying microwave energy to the sample to evaporate

solvents therein:

creating a gas flow through a vessel to evacuate the

vaporized solvents;

monitoring the temperature of the media using tempera-

ture sensors; and

moderating the temperature of the sample;

while controlling the steps of applying microwave energy,

moderating the temperature of the sample, and creating
a gas flow through the vessel using a microprocessor;
and

adding the dry mixture of the media and the remaining

sample to a liquid chromatography column and sepa-
rating the components of the remaining sample for
identification and purification purposes.

14. The method as 1 claim 13, wheremn the step of
creating a gas tlow farther comprises reducing the gas
pressure in the vessel.
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15. The method as in claim 13, wheremn the step of

applying microwave energy 1s programmed for variable
lengths of time depending on the sample volume.

16. The method as in claim 13, comprising creating the
gas flow through the vessel by activating a pump.

17. The method as in claim 16, comprising concurrently
activating the pump with the application of microwave
energy.

18. The method as 1n claim 13, wherein moderating the
temperature of the sample further comprises pulsing the
microwave energy via microprocessor control.

19. The method as 1n claim 13, comprising executing a
computer program to evaporate a predetermined solvent
volume.

20. A method of preparing samples for column chroma-
tography, comprising:
mixing a sample including reaction solvent with a solid
phase chromatography medium;

applying pulsed microwave energy for variable lengths of
time depending on the sample volume to the sample
under microprocessor control while concurrently pro-
viding a gas flow over and around the sample to thereby
encourage the solvent to evaporate under the influence
of the microwave energy and the tlowing gas;

monitoring the temperature of the sample with a tempera-
ture sensor selected from the group consisting of inira-
red detectors, ultraviolet detectors, and fiber optic sen-
sors; and

moderating the application of microwaves based upon the
monitored temperature.
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